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Fig. 1. Experimental setup of MPLC-based CBC system.
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Fig. 2. Design method of MPLC mode mapping based on vortex phase coding.
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Table 1.  Procedure of MPLC phase mask design by wavefront matching.
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4 (33 o) A SRR VAR )
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9 end
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11 end
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17 end
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Table 2. Parameters of MPLC-based CBC in simulation.
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Fig. 3. Results of multi-focus beam by various coding methods: (a) Random coding; (b) localized coding; (c) vortex coding. Beam
evaluation of each mode under different coding: (d) ; (e) SSR; (f) PMD.
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Designed output Designed input

Obtained output

Bl 4 MPLC HIT & U™ AR BT LG R
Fig. 4. LG beam generation by MPLC-based CBC: (a) Designed input; (b) designed output; (c) obtained output.

CARSIRTE B4, 14 LG YR T . LG,
SEH A EZARIE A5 W& 4(b) Fras, Horb p iz m)
FEE (RN p+1 5838, UM mTe 5L (18
FRBER AL GOR BAR T ), I HAHSBIA Z 0] 1 A
NN © N TIEN LG YEH 0 R, ETT
MPLC WL ORI TRFEE5 G 3.1 1 or X gf | I
TGRSR : QAL 4(a) BTN, XFF LG, 65, &
SRR S B B O ANI AR m 5r R p+1 AN IX
8, A3 R RS DX T R LRI R AR, (45
AR 5 Bbr LG AR AT e, 2T
M SE &R, WY MPLC fy AR 258
Bl 4(c) R, 45 T s B iy LG OB, fa bR
() 78 JEPEAR 45 SR ansk 3 T8, LGy, LGy, LGy,
LGy F LGy, FIRCRS 1R 96.3%, 97.2%, 97.7%,
99.3% 1 96.5%, “F-BIRF 2y 97.4%. [A]Hf, X L
LG G 30 AR 55 00 55 M4 il P g, SSR A T
14.0 % 21.0 dB Z i) (*F-¥J{H 17.6 dB); PMD
=T 96%(FHIMH 98.5%), A HARN /04 5 H g
HEVIA.
# 3 T MPLC HTE R LG JGH A BT HE Pl

Table 3.  Evaluation of LG beam generation in MPLC-

(2) Bt A (b) B H: (o) SEbrdm

3.3 EEXFTHE

MPLC #T& B4 th 8= nT DR 75 21
TF, A5 m 0™ A PR BRE R Tl g AR RN 7
B W OEBER B oA 2 5, HAR 43 A AT AT DA
PR B TR A R S, P FRATR
2.2 195 SR TER St i 75 =X, X A3 | din
A A [RI G ) R EAR S, S, I B —— WS
KR BREXTRE, =/, E5E. i i
RS 5 LI ARBDEH, S Ak L OC R an
& 5(a) & 5(b) FrR, &SRR MPLC i
R AE 5(c) R, TBRERIHILT- 58 A0 .
=R 4 Fr i, 5 MIBAR N RCRIR KN 99.5%,
98.8%, 99.1%, 99.2% 1 99.2%, “F-I% 2 99.2%,
JFH SSR #1F 21.0 dB(FH#I1H 22.6 dB), PMD
¥ T 99.5%(FHIME 99.7%), EELT MPLC F=4:
e I D R AT A T

F 4 HT MPLC T4 B RO A 1

PPAR
Table 4. Evaluation of customized-shape beam genera-
tion in MPLC-based CBC.

L B =M ERFE BB HMAE

n/% 99.5 98.8 99.1 99.2 99.2

based CBC.
i LGy LGy LGy  LGe LGy
n/% 96.3 97.2 97.7 99.3 96.5
SSR/dB 14.0 17.4 16.6 21.0 18.9
PMD/% 99.4 98.8 98.8 99.4 96.2

SSR/dB  25.3 21.0 21.9 22.5 22.2
PMD/%  99.9 99.6 99.9 99.8 99.5

PE—2, R AR BT R BN A ) - REE

K (L, A, S, E, R), VR HRRBEAN 7 20, Bt
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KZUNE 6(a) FIE 6(b) Frzs, 1321 MPLC %t
B B ANE] 6(c) i, 3RA8 T 5 AT Wi fEaf 1Y
FREBRE. HOE R S AR S T3k 5, S0
25918 94.5%, 97.8%, 96.3%, 96.2% 1 97.9%, F-
BIRYy 96.5%. RAETCARTE NG 2%, H ot
SSR MAFFTE 14.8 dB LIL ((F4(E 17.2 dB), PMD
YT 93%(FH¥I{H 96.9%), FF K JEHL T MPLC
SR B R BE.

F 5 BT MPLC A TG BN BB ROG AR BB &
TEA

Table 5.  Evaluation of letter-shape beam generation in
MPLC-based CBC.

Bl 5  MPLC AHT & B A e dil R 6 R

P FHL O FRHA TS FHE FHR

n/% 94.5 97.8 96.3 96.2 97.9
SSR/dB 1438 17.3 16.6 18.3 18.9
PMD/%  93.1 98.6 96.6 98.3 97.7

FRAELMEACE R FEA BE ], AR EIRARADLE
Gyl LA o3 fig o — 2SS R B L . TESE R Y
Jag5 e zS ), XA R R A R AR
TR g, g AR X ST sl ), DR AT BR
XA, XTSRS A R, 2t
Gyl ARG E 3T HAr0eds. T MPLCHAT4
PR AR, Ry T AR — A AU L
B B R [) OB AR, o s A ek

(a) WITHI A (b) W4 th; (c) SEhrf

Fig. 5. Customized-shape beam generation by MPLC-based CBC: (a) Designed input; (b) designed output; (c) obtained output.

WA, HISEZ R, MPLC i AR 2R R AH
St ) [ PR IR SO E IR 31, 20 ety AR et 2
B R R AR, WITCTE IR & )5 &5 0
PRIEAARSE. S T 21 4 LG #A MPLC,
WA FRAME 2R T SE BT BB A s ]
it MPLC R T 30 ~F1, 3R89 21 4 LG
BXANEL 7(a) Bis, SEEIRCRZAN 95%. HbrE
WENE 5 HE Ut i — B AR (Z A IE
K. BN M AE). B, DBEAEL 3R
100%) LG #E=AE R IR, X B T 4UE 5
fif, e LA R N 21 IYBREI T, 40 1Y 45 51
e 7(b) KI5 3, SRR RS H bR A
T, (ARG AR RS, SRIE, R 21 45X
MPLC #4780 i, 15 845 R BoR7EK 7(b)
12 =30, 55 SRR, U] T MPLC
SR BEOCACEIE B AT AT, DGR S B A IR A
JRHEAETEIE (LG) BEBCR A 95%, BEAK T
KO fEAE . B 7(b) ZEIUFI 45 T MPLC F=A4E X
FERERIE RO G T 5 B 10 i AR5 R AR 53, 5
HISCHY AP ARAY, REISZCRE 241 LG B (B
IEAC IR 9 MPLC, RE 9% 1 1 X #40% 14 51 19 4=
W AE7 3R VA ) S BT R R, SRR &
BT MPLC % H 3R 5 o AR

SR, X R IEPELEREE X A FES TR
A) 5 4 R R AT SR . XTI 7 T R B LR IE
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K6 MPLC M & 8™ 4 7 EHE PO

(a) BEItHIA; (b) BT (c) T2 brkam

Fig. 6. Letter-shape beam generation by MPLC-based CBC: (a) Designed input; (b) designed output; (c) obtained output.

21 LG modes of MPLC

(b) MPLC

Target mode Ideal decompose decompose Input array

Bl 7 (a) MPLC P24 21 4~ LG B3 (b) 5:F LG #2040 i) MPLC St 45
Fig. 7. (a) 21 LG modes generated by MPLC; (b) optical field manipulation of MPLC based on LG mode decomposition.

AR, BCRES R A AR i w22 (BRI 22 5 °F
YIE Z Eb) 439k 0.42, 0.35, 0.52, 0.46 1 0.53,
e /N R R 5 e KRR IR AEL 0 3 0418, 0.21,
0.03, 0.10 Fl 0.01. 31X KX #5338 18 1) 4% i 75
BT, SRR G EAR D) 2 K AE LT
WA T U A, R, X WO Y
TRESZEUR M T kiR Al AN T ZE AR
VAT, AT B S PR IR R S BE T, BT R4t

S MRS PR, % TR0 ik A RO
B I7 ik BAR SR BE TR BT A i, (B2
i DR T R AR G A AP T, 25 E I
T XTI R R BERAR  | x) e A3 2
SREARA G5, BRI ARA 5 B AL B O e
TR, T DAoL T 2818 5K s RE LA R
8982 P, D) B 36 SR FH i ST s AR 67 9] 1l 5 9%
SLILESCR R E DL A
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JUETTSCE S T R B S AR MPLC
e, (HRTE il (45 e R A B, BRI T
MPLC M & IR N, 75 Z ik — PR
KAETHEPTREYE. DIARMER LG B ok B, 1
SefrEs MPLC WA S8R (CFEECH 10), 3
I AR R, A D R DS B I ST A
1) MPLC, A5 ARG INE 8(a) frs. AT LI
WA B, SHORAER, ROR S B URE BU H,
F| 28 1~ LG U0, RO 4k E 70%. S T Tt
SR SR T I A O, TR T ORRIAR
BOREOL T, BEIAET 90% %R AT 200 16
B, R E 8(b) s, R BRI L, I
WS BB T, 7520 P2, 28 4
PR T E Z= D 36 AR

1.0 o
(a)

0.9

0.8 F

0.7

0 10 20 30
Mode count

40

30

20

Plane count

10 +

0 10 20 30

Mode count

K8 (a) FHEECAAR n 5HENRER; (b) AR
BUE T n > 90% B T AL

Fig. 8. (a) n versus mode count with constant plane count;
(b) plane count required to achieve n > 90% for different

mode count.
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Multi-plane light conversion coherent beam combining for
optical field manipulation
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1) (Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang 621900, China)
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Abstract

Multi-plane light conversion (MPLC) coherent beam combining (CBC) offers a promising approach for
flexible optical field manipulation, overcoming the limitations of low energy utilization and poor beam quality in
traditional CBC methods. However, its potential for generating diverse structured beams and the underlying
design principles remain underexplored. In this work, theoretical model of MPLC-based CBC system is
constructed to perform numerical investigation into the property and capability of MPLC optical field
manipulation. Localized phase coding and vortex phase coding methods are proposed for mode mapping design
to enhance the match between input and output modes. By using multi-dimensional evaluation metrics such as
conversion efficiency (1), side-lobe suppression ratio (SSR), and phase matching degree (PMD), the performance
of different coding strategies is systematically compared. The results show that although random coding yields
an average efficiency of 92% for five multi-focus beams, both localized and vortex coding significantly improve
output quality, achieving a superior average efficiency of 97.1%. Based on the proposed encoding methods,
MPLC successfully produces 5 Laguerre-Gaussian (LG) beams, 5 geometric shapes, and 5 letter patterns with
remarkably high average efficiencies, reaching 97.4%, 99.2%, and 96.5%, respectively, accompanied by high SSR.
(>14 dB) and PMD (>96%). Furthermore, a strategy for arbitrary beam shaping by decomposing the target
field into a linear combination of orthogonal modes is proposed and confirmed using a 21-mode MPLC. At the
same time, its flexibility and the resulting need for strong amplitude modulation of the laser array are discussed.
Finally, the relationship between the number of supported modes and the required number of phase plates is
also analyzed, showing that maintaining high efficiency for a larger number of modes necessitates a significant
increase in the number of phase plates. This study effectively generates a wide range of structured beams with
minimal stray light and high energy utilization, demonstrating that MPLC-based CBC is a powerful and
versatile technique for high-efficiency, high-quality optical field manipulation. Future work should focus on
optimizing the design to reduce the required number of planes, thereby enabling practical applications in high-

power laser processing, optical communication, and quantum optics.
Keywords: multi-plane light conversion, coherent beam combining, optical field manipulation
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